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Abstract 
Ports involve construction of coastal structures such as groin, sea wall, breakwater, jetty etc. which result in modification of 
the shoreline and coastal geomorphology. Paradip and Dhamara are two major operational ports along Odisha coast while 
Gopalpur port is being developed as all weather open sea direct berthing port. The coastal structures associated with Paradip 
port at present are two breakwaters and northern sea wall while Dhamara port is built in an estuarine environment with one 
jetty. At Gopalpur Port, southern (530m) and northern (362m) groins were constructed during 2007-2009 along both sides of 
the previously existing piers. Other developments include intermediate (360m) and southern (1735m) breakwaters during 
November 2011 to December, 2012 on the south and groin field (ten groins of different dimension) on the north during 
September, 2011 to December, 2012. Impacts of these coastal structures are monitored every month from June, 2008 to April, 
2014 by observing shoreline change, beach profile and Littoral Environment along 30km stretch on the north and south of 
Gopalpur port along with one year (June 2008-May 2009) wave and tide measurements by deploying tide gauge and wave rider 
buoy at 23m depth off Gopalpur port. Besides, seasonal observations on beach profile and shoreline near Paradip Port (August, 
2010 to August, 2013) and long term (1975-2014) shoreline change study at Gopalpur, Paradip and Dhamara Port are carried 
out with topo-sheet data as base line information. The shoreline change rate (m/yr) in the pre and post construction phases are 
estimated which show distinct difference between the two phases and also on the north and south of the ports.  
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1. Introduction 
Coastal structures such as groin, sea wall, breakwater, jetty etc. result in modification of the shoreline and beach 
morphology (Elmoustapha et al., 2007) besides their significant impact on coastal dynamics (waves, currents etc.) 
and shoreline stabilization (Elsayed and Mahmoud, 2007). The effects of groin parameters on the shoreline change 
have been studied using both physical and numerical models (Ozolcer et al., 2006). Construction of hard structures 
along the coast either for development of ports and harbours, or for protecting the coast from erosion, significantly 
modifies the shoreline and the erosion/accretion trend. Groins are shore protection structures designed to trap 
longshore sediment for building a protective beach, retarding erosion of an existing beach, or preventing longshore 
drift from reaching some drowndrift point such as harbour or inlet. Groins modify the longshore sand transport and 
results in the accumulation of sand, mostly on the updrift side, and erosion of sand on the downdrift side. Mohanty 
et al. (2012) studied the impacts of groin on beach morphology at Gopalpur port (Fig. 1b) and revealed that the rate 
of deposition on the south of the groin is 2.5 times more than the rate of erosion on the north of the groin. Odisha 
Coast (Fig. 1a), with 57% sandy beaches, experiences erosion along 22.6% length of the coastline (Sanil Kumar et 
al. 2006).  Erosion/deposition pattern of a shoreline critically depends on the annual gross sediment transport rate 
and direction. Contrary to previous studies, Mohanty et al. (2012) showed that the annual gross sediment transport 
rate varies between 1.10 x 106 m3/year to 1.29 x 106 m3/year and is unidirectional (towards north) round the year.  
Erosion at Paradip and north of it is attributed to the construction of breakwaters and groins at Paradip port (Fig. 
1c) and closely similar to the erosion pattern in the northern regions of Chennai, Ennore and Visakhapatnam 
(Chauhan and Gujar, 1996; Nayak, 2004). Dhamara port (Fig. 1d) is built in an estuarine environment without 
breakwaters and groins and hence the impact of coastal structure on shoreline change is negligible. More detailed 
information on the geomorphological characteristics and shoreline change along Odisha coast can be found in 
Mohanty et al. (2008). Neither long-term nor short-term recent information on shoreline change and coastal 
erosion/deposition are available for Odisha coast, although Government of Odisha is contemplating to develop 
about 15 more ports. Therefore, information (past, present and future) on shoreline change and erosion/accretion 
are vital for successful design and management of ports, and also for coastal management. In the present study, our 
objective is to assess the impacts of coastal structures on shoreline change. Therefore, the shoreline change rate 
both in the pre and post construction phases of the three major ports along Odisha coast are studied. Besides, beach 
width and volume changes at seasonal and inter-annual time scales have been studied to quantify the 
erosion/deposition near the three major ports. 
2. Survey and Computational Methods 
Littoral Environmental Observation (LEO), beach profile and shoreline change were monitored every month 
from June 2008 to March 2011 and from June 2012 to March 2014 at Gopalpur port. At Paradip, observations were 
made during August, 2010, May, 2011, September, 2011, December, 2012 and August, 2013. At Dhamara, long 
term (1979-2014) shoreline change rate was assessed along with the seasonal (May and August, 2010) shoreline 
change at Ekakulanasi turtle nesting beach located south of Dhamara Port (Fig. 1d). Although beach profile were 
monitored every month over 24 transects on the south and 24 transects on the north of Gopalpur port, only 
seasonal (winter and monsoon) profiles at four representative transects on the south and four on the north are 
presented here for convenience. The distance between two consecutive transects were maintained at 500m. Leica 
SR 1200 Real Time Kinematic (RTK) Global Positioning System (GPS) was used for beach profile monitoring 
while berm position was monitored with the help of DGPS Arc Pad. Beach width and volume changes were 
computed using Beach Morphology Analysis Package (BMAP) of Coastal Engineering Design and Analysis 
System (CEDAS) software Version 4.0 developed by Veri-Tech Inc. The details of the instruments used and 
methods followed for beach profile and berm line measurements are same as in Mohanty et al. (2012). For 
shoreline change rate analysis, topo sheets of 1975, 1978 and 1979 have been used as the base line information for 
Paradip, Gopalpur and Dhamara respectively. Shore line change rate (ft/yr) at a later period were estimated using 
Regional Morphology Analysis Package (RMAP) of CEDAS with berm line information (observed) and/ or 
shoreline extracted from rectified Google image. Later shore line change rate computed in ft/yr (Figs. 3, 4b and 5) 
were converted to m/yr and is discussed in the text in order to maintain consistency in the use of units. 
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Fig. 1. (a) Map showing location of three major ports along Odisha coast; transect positions along (b) Gopalpur Port, (c) Paradip Port and (d) 
Dhamara Port. 
3. Results and Discussions 
3.1 Gopalpur Port  
 
Gopalpur Port Limited (GPL) is located at latitude 19˚ 18′13″ N and longitude 84˚ 57′ 52″ E along Odisha 
coast, east coast of India (Fig. 1b). GPL is being developed as all weather open sea direct berthing port from a 
small fair weather port which existed since 1987. The structures associated with the fair weather port were a 400m 
northern pier and a 500m southern pier. Southern (530m) and northern (362m) groins were constructed on both 
sides of the previously existing piers during August, 2007 to November, 2009 and October, 2007 to September, 
2008 respectively. Intermediate (360m) and southern (1735m) breakwaters were constructed respectively at a 
distance of 1.1km and 2.42 km south of southern groin (SG) during November 2011 to December, 2012. Northern 
groin field (ten groins of different dimension) extending up to 2.73km north of northern groin (NG) was 
constructed during September, 2011 to June, 2012. These coastal structures have definite impacts on shoreline 
which are discussed in the following sections.  
3.1.1General Oceanographic conditions and LEO  
The average spring and neap tidal ranges near Gopalpur Port are 2.39 m and 0.85 m respectively. The 
range is highest in August and lowest during January. Based on one year observations of waves, currents and tides 
near Gopalpur port, it is revealed that the average wave height ranges from 0.25 m in December to 0.97m in July. 
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The mean wave period varies from a minimum of 7.2 seconds in April–May to 10.8 seconds in December–January. 
The coast is exposed to waves approaching predominantly from the SSE, SE, and S. The significant wave height 
(Hs) varies from 0.26 m to 3.29 m with an average of 1.06 m during one year observation period. Hs varies from 
0.4 m to 3.29 m with an average of 1.29 m during pre-monsoon and monsoon while the values are less (0.26 m to 
2.18 m with a mean value of 0.71 m) during post monsoon and winter. Details of the oceanographic condition and 
LEO are also discussed in Mohanty et al. (2012). 
3.1.2 Shoreline Change  
Figure 2 depicts the shoreline change with time on the north and south of the port. Shoreline refers to the first 
berm during spring low tide while moving from foreshore to backshore which is not disturbed at the time of 
observation.  Shoreline position (Y-axis) refers to the distance between the berm line and the common reference 
line drawn at the backshore nearer to vegetation line in a GIS environment. It is evident from Fig. 2 that the 
shoreline movement on the south of the port is seaward during the period of observation except during August, 
2013 and January, 2014 corresponding to the position and period of berth development. Maximum seaward 
movement is observed immediately south of SG (0 km) which gradually reduces further south of SG. At port north 
the shoreline movement is landward except at 0km which is immediately north of NG. At 0km, oscillation of the 
shoreline is observed prior to the construction of northern groin field and southern breakwaters. However, the 
shoreline stabilised later due to beach fill by the dredged sand which continued after June 2012. Maximum 
landward movement of the shoreline is observed at 1km north of NG and further north the landward movement 
gradually decreased due to construction of northern groin field. After the construction of breakwaters and groin 
field (August, 2012-January, 2014), shoreline on the north and south of the port appears to move towards attaining 
stability.  
 
 
Fig. 2. Changes in Shoreline positions along South and North of Gopalpur Port during August, 2008 to January, 2014. 
Fig. 3 depicts the long term (1978-2014) shoreline change rate in the pre (1978-2008) and post (2008-2014) 
construction phases. Shoreline change rate on the north of the port is negative (0-1.06m/yr) in the pre construction 
phase while it is enhanced (0.55-4.01m/yr) in the post construction phase. It is also observed that there is positive 
shoreline change rate (0.08-0.98m/yr) for some portion of the extreme north beach in the post construction phase. 
Shoreline change rate on the south of the port is positive (deposition) (0-3.23m/yr) for the portion of the beach 
from SG to 2km south (Fig.1b) and negative (erosion) (0-0.72m/yr) for the south beach including Gopalpur tourist 
beach in the pre construction phase. However, in the post construction phase the shoreline change rate in the entire 
south beach including Gopalpur tourist beach is positive (deposition) and the rate (0.66-14.29m/yr) is much higher 
than that of pre construction phase. This higher positive shoreline change rate on the south beach is attributed to 
the construction of groins and breakwaters and corroborates with our observed results (Fig. 2). 
Mishra et al. (2014) studied the nearshore processes at Gopalpur port through numerical model simulation and 
its calibration with field measurements. The study revealed that the sediment transport rate (m3/s) is relatively 
higher during monsoon (June, July, August and September) as compared to other seasons and is associated with 
relatively higher breaking wave height (m) and current (m/s). Shoreline change prediction with the existing coastal 
structures indicated that coastline retreat could be about 70m on the north of the port by the end of 2017. The study 
suggested that beach nourishment of 3111 m3/day per km length of the coast shall stabilize the beach by 2017.   
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Fig 3. Shoreline Change Rate (ft/yr) at south and north of Gopalpur Port during 1978-2014. 
3.1.3 Beach Width and Volume  
Table 1 depicts the change in beach width and beach volume at four transects on the south (GPLS_1 to 
GPLS_4) and four on the north (GPLN_1 to GPLN_4) of Gopalpur port. The distance between each transect is 
500m. The beach to the south of SG shows a predominantly depositional environment (positive change in beach 
width and volume) from GPLS_1 to GPLS_3 during the first phase (Aug. 08 to Jan. 2011) of our observation, i.e.  
prior to the construction of breakwaters and northern groin field. However, after the construction of breakwaters 
and groin field (second phase: Aug, 2012 to Jan. 2014) beach width and volume changes are predominantly 
negative and occasionally positive. At GPLS_4, located 1.5km south of SG and within the two breakwaters, the 
changes in beach width and volume are negligible during first phase and predominantly negative during second 
phase. Beach profiles on the south indicate stable berms on the backshore, large ridge on the foreshore, which are 
prograding in nature, migrates towards offshore continuously.  
 
Table 1. Changes in beach width and volume near Gopalpur Port South and North during August, 2008 to January, 2014. 
 
Change in Beach Width (m) Change in Beach Volume (m) 
PORT SOUTH GPLS-1 GPLS-2 GPLS-3 GPLS-4 GPLS-1 GPLS-2 GPLS-3 GPLS-4 
Aug’08-Jan’09 34.35 59.16 37.24 -18.65 93.95 122.45 63.76 -140.31 
Jan’09-Aug’09 24.52 27.82 19.04 11.53 59.28 109.84 75.77 61.10 
Aug’09-Jan’10 30.77 21.68 21.71 9.70 62.39 29.47 31.51 1.16 
Jan’10-Aug’10 40.07 16.24 21.08 18.34 99.36 42.03 83.36 94.30 
Aug’10-Jan’11 13.24 24.63 24.49 0.07 -5.47 33.73 57.89 -11.72 
Aug’12-Jan’13 4.95 4.95 -2.17 -0.57 -12.87 -12.87 -77.13 -23.54 
Jan’13-Aug’13 -66.37 -66.37 -26.34 -132.35 -37.60 -37.60 50.24 -338.95 
Aug’13-Jan’14 37.68 37.68 26.80 NA -19.69 -19.69 -40.94 NA 
PORT NORTH GPLN-1 GPLN-2 GPLN-3 GPLN-4 GPLN-1 GPLN-2 GPLN-3 GPLN-4 
Aug’08-Jan’09 38.29 13.40 14.78 -13.66 44.13 30.21 38.70 -16.47 
Jan’09-Aug’09 -33.57 -27.80 -12.52 -9.46 -34.83 -116.15 -24.41 -6.61 
Aug’09-Jan’10 75.17 -10.09 -12.09 -3.95 73.87 -142.22 -124.01 -49.22 
Jan’10-Aug’10 -101.54 -22.77 -18.57 -5.77 -157.81 -190.02 -130.52 6.88 
Aug’10-Jan’11 20.80 -2.88 -3.03 -6.08 8.91 -30.59 -6.35 -52.09 
Aug’12-Jan’13 -11.64 -18.40 5.79 10.21 -3.18 -32.08 86.11 -6.31 
Jan’13-Aug’13 -5.84 14.73 3.59 -22.37 -13.89 23.44 43.55 -153.25 
Aug’13-Jan’14 -2.88 20.85 12.10 26.95 -10.41 237.23 19.19 160.08 
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The beach to the north of the northern groin is narrow and the beach width and volume changes are 
predominantly negative after the initial phase (Aug. 08 to Jan. 09) of positive change. In the second phase, after the 
construction of northern groin field and southern breakwaters, reduction in the erosion trend is observed. Northern 
beach profiles indicate steep slope at the backshore, no stable berms, absence of ridge on the foreshore. The results 
suggest the impact of both north and south groins on the downdrift erosion, which to some extent is abated by the 
construction of northern groin field. The rate of deposition on the south far exceeds the rate of erosion on the north 
of the port due to trapping of round the year northward longshore transport on the updrift side and preventing the 
availability of sand on the downdrift side.  Therefore, it is suggested that in order to arrest the erosion on the north 
of the port, beach fill and periodic beach nourishment should be favoured both within and beyond the groin field.  
 
3.2 Paradip Port  
 
Paradip port (Fig. 1c)  is located south of the  river Mahanadi and is bounded between latitudes 20o 30’ N and 
20o 45’ N and longitudes 86o 15’ E and 86o 45’ E. Paradip is a major and oldest port along Odisha coast and 
commenced its operation during April, 1966. Because of the severe erosion, north side is protected by seawall 
which is about 2km in length extending up to the Mahanadi river mouth.  There is no beach on the north. On the 
other hand, the beach on the south is well developed.   
3.2.1 Shoreline Change  
 
Fig. 4a depicts the observed shoreline positions along south of Paradip port from 0km (refers to PPS_1 in Fig. 
1c) to 2km further south. It is observed that the shoreline is narrowest at 0km and has receded significantly 
between 0-1km during May, 2011 to September, 2011 due to sand mining near the port boundary (PPS_1). 
However, the shoreline from 1.5 to 2km further south which includes the tourist beach has increased. It is distinct 
that shoreline gain is maximum during winter as compared to other seasons and is attributed to the low energy 
wave action during winter. Fig. 4b depicts the shoreline change rate (ft/yr) after the construction of port (1975-
2013). The negative shoreline change rates (0-1.65m/yr) on the north of the port and on the extreme south (0-
0.97m/yr) are less as compared to the significant positive shoreline change rate (0.09-4.15m/yr) on the south of the 
port. 
 
Fig. 4. (a) Shoreline positions along South of Paradip Port during August, 2010 to August, 2013. (b)Shoreline Change Rate (ft/yr) at south and 
north of Paradip Port during 1975-2013.  
3.2.2 Beach Width and Volume 
Table 2 depicts the change in beach width and volume at six transects (PPS-1 to PPS-6, Figure 1c) south of the 
port. PPS_1 and PPS_2 beach width changes are positive during monsoon to winter (September, 2011-December, 
2012) and negative during rest of the seasons. At other transects the beach width changes are positive for all the 
observations but with relatively higher values during monsoon to winter. Beach volume changes during monsoon 
to winter are predominantly positive for all transects while during other periods volume changes are predominantly 
negative and occasionally positive. Negative changes in beach width and volume (PPS_1 and PPS_2) very near to 
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the southern breakwater are attributed to the sand mining which violates the coastal regulation zone (CRZ) laws 
and can be avoided through proper implementation of CRZ laws. 
Table 2. Seasonal changes in beach width and volume near south of Paradip Port during August, 2010 to August, 2013. 
 
Beach Width (m) Volume (m3/m) 
 
Aug’10-
May’11 
May’11-
Sep’11 
Sep’11-
Dec’12 
Dec’12-
Aug’13 
Aug’10-
May’11 
May’11-
Sep’11 
Sep’11-
Dec’12 
Dec’12-
Aug’13 
PPS-1 -4.42 -29.66 26.67 -4.15 -34.23 -54.09 42.89 22.32 
PPS-2 -6.60 -15.40 13.82 -3.28 -26.06 -22.88 31.51 8.53 
PPS-3 11.45 2.93 30.40 7.29 35.74 2.36 24.89 24.99 
PPS-4 7.30 7.92 27.20 4.86 -20.54 -2.78 20.60 -3.63 
PPS-5 8.60 24.38 27.49 9.83 -1.81 50.53 49.16 50.20 
PPS-6 6.07 13.26 32.31 12.04 -2.79 38.51 36.30 23.63 
 
 3.3 Dhamara Port  
 
 Dhamara Port (Fig .1d) is located at latitude of 20047’30” N and longitude 86057’35” E. Phase 1 construction 
commenced in March, 2007 and the port began commercial operation in May, 2011 with two fully mechanized 
berths of 350 meters each.  The new port is developed in an estuarine environment and is very close the world 
famous turtle nesting beach at Gahirmatha (Ekakulanasi beach, Fig. 1d). Hence it is very important to assess the 
shoreline change rate in the pre and post construction phases of the port.  
 
3.3.1 Shoreline Change  
Figure 5 depicts the shoreline change rate at Dhamara port during pre (1979-2006) and post (2006-2014) 
construction phases. In the pre construction phase, the shoreline change rate is distinctly negative (1.14-2.27m/yr) 
near the present port site and north of it while it is positive (0.21-3.52m/yr) on port south. However, in the post 
construction phase the scenario has changed drastically with significantly higher positive shoreline change rate 
(0.46-40.09m/yr) near the port site as well as north of it and almost negligible/no shoreline change rate on the 
south of the port. Port south includes mudflat and river bank of Dhamara River. Keeping the above changes in 
view we examined the shoreline change at Ekakulanasi turtle nesting beach, located south of the port (Fig. 1d), 
during May and August 2010. It is observed that 2745.43 m length and 6220.16m perimeter of the sand spit during 
May reduced to 2683.53 m and 6080.87m respectively during August. Similarly, the area of the sand spit also 
reduced from 1004,057.57 sq. m during May to 955,818.61 sq m during August. The reduction in length, perimeter 
and area of the sand spit is attributed to the high energy monsoonal wave. However, a long term study involving a 
few seasonal/annual cycles would reveal the erosion/deposition trend of the sand spit. From conservation point of 
view and considering the world famous status of Ekakulanasi turtle nesting beach, such studies assumes 
importance. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Shoreline Change Rate (ft/yr) at south and north of Dhamara Port during 1979-2014. 
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4. Conclusion 
Shore perpendicular structures near the port modify round the year unidirectional (towards north) longshore 
transport along Odisha coast and result in the accumulation of sand on the updrift side (south of port), and erosion 
on the downdrift (north of port) side. Shoreline changes due to the coastal structures associated with the three port 
are apparent. However, the nature and magnitude of shoreline change are different from one port to the other. 
Shoreline movement is distinctly towards sea (deposition) on the south and towards land (erosion) on the north of 
Gopalpur Port. The rate of deposition is higher as compared to erosion. Beach width and volume changes also 
corroborate the above views. Impacts of the two groins (SG and NG) and the impacts after the construction of 
breakwaters and northern groin field are quite different as the shoreline on the south (north) is depositional 
(erosional) in the former case and later the shoreline tends towards attaining stability. Shoreline change rate (ft/yr) 
on the north of the port in the pre and post construction phases is negative, albeit with higher rate in later case. A 
numerical model study (Mishra et at., 2014) suggests beach nourishment of 3111 m3/day per km length of the coast 
on the northern side in order to stabilize the coastline by 2017. Shoreline change rate on the south of the port in the 
pre construction phase (1978-2008) is both positive and negative while it is distinctly positive and higher on the 
post construction phase (2008-2014). At Paradip port, shoreline change from southern breakwater to 1km south is 
negative due to the sand mining activity while it is positive further south and is also corroborated by the beach 
width and volume changes. Long term (1975-2013) shoreline change rate is negative (positive) on the north (south) 
of the port. At Dhamara Port, pre construction phase (1979-2006) indicates negative (positive) shoreline change 
rate near the present port site and north (south) of the port while in the post construction phase (2006-2014) it is 
positive and significantly higher in the present port site and port north, and negligible on port south. The study 
suggests long term seasonal/annual cycle monitoring of Ekakulanasi spit, the world famous turtle nesting site 
located south of Dhamara Port, to understand the impacts of the port and to formulate appropriate 
conservation/management strategy for the rookery. It is envisaged that the result of the present study would serve 
as important input to formulate Integrated Coastal Zone Management (ICZM) plan for Odisha coast. 
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